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(54) METHOD OF FORMING PASSIVE OXIDE FILM BASED ON CHROMIUM OXIDE AND 
STAINLESS STEEL 


(57) A method of readily forming a passive oxide 
film based on chromium oxide characterized by subject- 
ing stainless steel to electrolytic polishing, composite 
electrolytic polishing and fluidized abrasive polishing, 
baking the steel thus treated in an inactive gas to 
remove moisture from its surface, and heat treating the 
resultant steel at 300 to 600 °C in a gaseous atmos- 
phere comprising hydrogen or a mixture thereof with an 
inactive gas and containing less than 4 ppm of oxygen 


or less than 500 ppb of moisture. An oxidized stainless 
steel characterized by comprising a stainless steel hav- 
ing a crystal grain number of 6 or above and, formed on 
the surface thereof, a passive oxide film based on chro- 
mium oxide, wherein the oxide film has a thickness of 5 
nm or above and the atomic ratio of chromium to iron on 
the outermost layer of the film is 1 or above. 
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Description 

Technical Field 

The present invention relates to a method for form- 
ing a passive oxide film having chromium oxide as a 
chief component thereof, as well as to a stainless steel. 

Background Art 

Conventionally, two methods were known for the 
formation of a passive oxide film having chromium oxide 
as a chief component thereof on a stainless steel sur- 
face: the dry method, in which, after directly reacting 
stainless steel with oxygen gas, the oxidized steel was 
reduced with hydrogen gas and heat treated with an 
inert gas such as argon after reduction, and thereby, a 
passive film having chromium oxide as a chief compo- 
nent thereof was formed; and the wet method, in which 
the steel was etched using a chemical such as nitric 
acid or the like, and chromium oxide was obtained. A 
diagram of the processes of the dry method is shown in 
Fig. 5(b). 

In Fig. 5(b), (1) indicates a baking process which 
removes moisture adhering to the stainless steel sur- 
face, and moisture released by the stainless steel sur- 
face. (2) indicates an oxidation process which is 
conducted in an oxygen atmosphere. The film obtained 
by this oxidation process is a passive oxide film having 
iron oxide as a chief component thereof. (3) indicates a 
reducing process in which the iron oxide is reduced in a 
hydrogen atmosphere in order to obtain chromium 
oxide. (4) indicates a heat treatment process in an inert 
gas atmosphere for the purpose of conversion to a film 
having chromium oxide as the chief component thereof. 
In this way, in accordance with the dry method, the for- 
mation of the chromium oxide is conducted by means of 
independent oxidation and reduction reactions, so that 
the period required for the processes is long. 

Fig. 6 shows data relating to moisture released at 
normal temperatures from passive oxide films obtained 
by means of the wet method and the dry method, as 
measured by APIMS. As is clear from Fig. 6, in contrast 
to the passive oxide film formed in accordance with the 
dry method, which ceased giving off moisture after sev- 
eral minutes, the passive oxide film obtained in accord- 
ance with the wet method continued to give off moisture 
even after the passage of 100 minutes. In this way, the 
passive oxide film obtained in accordance with the wet 
method contained a large moisture component, so that 
if the moisture were not removed, such a passive oxide 
film could not be used in semiconductor production 
apparatuses, which must be free of outside gasses, and 
heat treatment such as baking or the like was neces- 
sary, so that in the same manner as with the dry 
method, considerable time was required. 

The present invention has as an object thereof to 
provide a method of forming a passive oxide film having 
chromium oxide as a chief component thereof which is 


capable of easily forming a passive oxide film having 
chromium oxide as a chief component thereof, and to 
provide a stainless steel having a passive oxide film 
having chromium oxide as a chief component thereof. 

5 

Disclosure of the Invention 

A first essential feature of the present invention 
resides in a stainless steel having a crystal grain 

10 number of 6 or above and having formed on the surface 
thereof a passive oxide film having a thickness of 5 nm 
or above and in which the value of Cr/Fe (hereinbelow, 
this refers to an atomic ratio) at the outermost layer of 
the film is 1 or above. 

15 A second essential feature of the present invention 
resides in a stainless steel having an amount of warp of 
0.2% or more having formed on the surface thereof a 
passive oxide film having a thickness of 5 nm or above, 
and wherein the value of Cr/Fe at the outermost layer of 

20 the film is 1 or above. 

A third essential feature of the present invention 
resides in a method of forming a passive oxide film hav- 
ing chromium oxide as a chief component thereof, char- 
acterized in that stainless steel is subjected to 

25 electrolytic polishing, then baking is conducted in an 
inert gas, and thereby, moisture is removed from the 
surface of the stainless steel, and then heat treatment is 
conducted at a temperature within a range of 300°C to 
600°C in a gaseous atmosphere comprising hydrogen 

30 or a mixture thereof with an inert gas and containing 
less than 4 ppm of oxygen or less than 500 ppb of mois- 
ture. 

A fourth essential feature of the present invention 
resides in a method of forming a passive oxide film hav- 

35 ing chromium oxide as a chief component thereof, char- 
acterized in that stainless steel is subjected to 
composite electrolytic polishing, then baking is con- 
ducted in an inert gas, and thereby, moisture is removed 
from the surface of the stainless steel, and then heat 

40 treatment is conducted at a temperature within a range 
of 300°C to 600°C in a gaseous atmosphere comprising 
hydrogen or a mixture thereof with an inert gas and con- 
taining less than 4 ppm of oxygen or less than 500 ppb 
of moisture. 

45 A fifth essential feature of the present invention 
resides in a method of forming a passive oxide film hav- 
ing chromium oxide as a chief component thereof, char- 
acterized in that a stainless steel is subjected to 
fluidized abrasive polishing, then baking is conducted in 

so an inert gas to remove moisture from the surface of the 
stainless steel, and then heat treatment is conducted at 
a temperature within a range of 300°C to 600°C in a 
gaseous atmosphere comprising hydrogen gas or a 
mixture thereof with an inert gas and containing less 

55 than 4 ppm of oxygen or less than 500 ppb of moisture. 
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Function 

Hereinbelow, the function of the present invention 
will be explained together with embodiment examples. 

It is preferable that SUS316L having a composition 
such that, for example, C ^ 0.020% (hereinbelow, this 
percentage refers to weight percent), Si ^ 0.50%, Mn ^ 
0.80%, P 0.030%, S ^ 0.0020%, Ni is within a range 
of 1 2.0% - 1 7.0%, Cr is within a range of 1 7.0% - 24.0%, 
Mo is within a range of 0.05 - 3.5%, and Al ^ 0.020%, be 
used as the stainless steel which is the object of the 
present invention. It is preferable that the amount of oxy- 
gen contained be 20 ppm or below, and an amount less 
than several ppm is further preferable. If the amount of 
oxygen contained exceeds a level of 20 ppm, a porous 
passive film will be formed, and a porous passive film 
exhibits low resistance to corrosion even if the Cr/Fe 
ratio is high. 

In the method of the present invention (Claim 4), 
first, the stainless steel is subjected to electrolytic pol- 
ishing. The surface roughness after electrolytic polish- 
ing should, from the point of view of the formation of a 
minute passive film, be 5 |nm or below and a roughness 
of 1 jutm or below is further preferable, while a roughness 
of 0.5 jutm or below is still further preferable. 

After electrolytic polishing, baking is conducted in 
an inert gas, and thereby, moisture present on the sur- 
face of the stainless steel is removed. The baking tem- 
perature and period are not particularly limited, insofar 
as the temperature is sufficient to remove the adhering 
moisture; however, a temperature within a range of, for 
example, 150°C - 200°C is acceptable. The baking 
should preferably be conducted in an inert gas (for 
example, Ar, or N 2 ) atmosphere having a moisture con- 
tent of less than several ppm. 

Next, heat treating is conducted at a temperature 
within a range of 300°C - 600°C in a gaseous atmos- 
phere comprising hydrogen or a mixture thereof with an 
inert gas and containing less than 4 ppm of oxygen or 
less than 400 ppb of moisture. At temperatures of less 
than 300°C, the formation of a passive film having chro- 
mium oxide as a chief component thereof is insufficient. 
When the temperature exceeds 600°C, the minuteness 
of the passive film which is formed is poor. A tempera- 
ture range of 400°C - 600°C is further preferable for this 
heat treatment. The period of heat treatment should 
preferably be within a range of from 10 minutes to less 
than 1 0 hours, and a period within a range of 30 minutes 
to less than several hours is further preferable. 

In the present invention, it is preferable that a stain- 
less steel having a crystal grain size of 6 or more be 
used, and it is further preferable that a stainless steel 
having a crystal grain size of 8 or above be used. When 
a stainless steel having such a grain size is used, the 
atomic range of Cr/Fe at the surface of the passive film 
which is formed increases greatly. The reason for this is 
somewhat unclear; however, it is thought that when 
stainless steel having this crystal grain size is used, the 
chromium atoms are dispersed throughout the surface 


via the crystal grain boundaries, so that the value of 
Cr/Fe increases greatly. 

When a stainless steel having a grain number of 6 
or more is used during formation of the passive oxide 

5 film by means of high temperature baking at a tempera- 
ture within a range of 400°C - 600°C in an inert gas 
atmosphere after electrolytic polishing, the thickness of 
the passive film increases, and furthermore, it is possi- 
ble to form a passive film having chromium oxide as the 

10 chief component thereof. 

Furthermore, in place of regulating the crystal grain 
size of the stainless steel, it is possible to conduct cold 
working having a surface reduction ratio of 2% or more 
prior to electrolytic polishing. 

15 When stainless steel having an oxygen content of 
several ppm or below is employed, it is possible to form 
a passive film which is more minute than that formed in 
the case of stainless steel having an oxygen content of 
several ppm or more. 

20 If composite electrolytic polishing or f luidized abra- 
sive polishing is conducted in place of electrolytic pol- 
ishing, it is possible to form a passive film which is 
minute and has a high Cr content. That is to say, the 
passive oxide film which is formed on the surface of the 

25 stainless steel contains a higher concentration of chro- 
mium oxide and is a more minute film than that formed 
in the case in which electrolytic polishing is conducted. 
The reason for this is thought to be that microfissures 
are generated on the surface as a result of composite 

30 electrolytic polishing or f luidized abrasive polishing, and 
chromium is deposited in the surface through these fis- 
sures. Such fissures are either covered by the passive 
film during passive film formation, or are eliminated 
thereby, and thus do not affect the surface characteris- 

35 tiCS. 

It is still further preferable that after compound elec- 
trolytic polishing or f luidized abrasive polishing, a slight 
electrolytic polishing be conducted in order to remove 
the layer altered by working, and that the surface layer 

40 be etched to a depth of several molecules. 

Furthermore, in the present invention, if the stain- 
less steel is heated in a gaseous atmosphere compris- 
ing hydrogen or a mixture of hydrogen gas and an inert 
gas (for example, argon gas or nitrogen gas) after con- 

45 ducting electrolytic polishing, composite electrolytic pol- 
ishing, or fluidized abrasive polishing, oxygen from a 
porous layer containing oxygen which remains on the 
surface of the stainless steel after electrolytic polishing 
serves as a source of oxygen for formation of the pas- 

50 sive film, and as described above, the oxidation and 
reduction reactions occur simultaneously, and a passive 
oxide film having chromium oxide as a chief component 
thereof can be easily formed by reducing the iron oxide. 
The amount of oxygen contained in the stainless steel 

55 may preferably be within a range of from several ppm to 
1 weight percent or below. In this case, as well, it is pref- 
erable that composite electrolytic polishing or fluidized 
abrasive polishing be conducted, and it is further prefer- 
able that after this, slight electrolytic polishing be con- 
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ducted and the surface be etched to a depth of several 
molecules. 

Hereinbelow, the present invention will be 
explained in detail. 

In the present invention, as shown in Fig. 5(a), sim- 5 
ply by conducting the baking process and the oxidation 
and reduction process, it is possible to form a passive 
oxide film having chromium oxide as a chief component 
thereof. 

In the formation method for the passive oxide film 10 
having chromium oxide as the chief component thereof 
in accordance with the present invention, first, the sur- 
face of the stainless steel is subjected to electrolytic pol- 
ishing. It is preferable that the surface roughness 
thereof be Rmax 5 jum or below. Next, baking is con- 15 
ducted, and thereby the adhering moisture is removed. 

Next, the stainless steel is subjected to heat treat- 
ment in the presence of hydrogen containing a trace 
amount of oxygen or a trace amount of moisture. Simply 
by conducting such heat treatment, a passive oxide film 20 
having chromium oxide as a chief component thereof is 
formed. In this case, less than 4 ppm of oxygen or less 
than 500 ppb of moisture should be present. 

In contrast, in the case in which stainless steel is 
employed which contains oxygen, there is no need to 25 
externally supply oxygen or moisture. 

The hydrogen may be diluted with an inert gas, and 
it is preferable that the hydrogen concentration be within 
a range of from less than several ppm - 10%. 

30 

Brief Description of the Drawings 

Fig. 1 shows an XPS analysis of the passive oxide 
film formed in Embodiment 1. 

Fig. 2 shows an XPS analysis of the passive oxide 35 
film formed in Embodiment 2. 
Fig. 3 shows an XPS analysis of the passive oxide 
film formed in a Comparative Example. 
Fig. 4 shows an XPS analysis of the passive oxide 
film formed in Embodiment 3. 40 
Fig. 5(a) is a process diagram showing the proc- 
esses for formation of a passive film in accordance 
with the method of the present invention, and 
Fig. 5(b) is a process diagram showing the conven- 
tional processes for passive film formation. 45 
Fig. 6 is a graph showing data relating to moisture 
released from passive oxide films at normal tem- 
peratures as measured by APIMS. 
Fig. 7 shows an XPS analysis of the passive oxide 
film formed in Embodiment 4. so 
Fig. 8 shows an XPS analysis of the passive oxide 
film formed in Embodiment 4 after a corrosion 
resistance test. 

Fig. 9 is a scanning electron micrograph of the pas- 
sive oxide film formed in Embodiment 4 after the 55 
corrosion resistance test. 

Fig. 10 shows an XPS analysis of the passive oxide 
films formed after welding and formed at the welded 
portion. 


Best Mode for Carrying Out the Invention 

Hereinbelow, the present invention will be 
explained in further detail based on Embodiments. 

(Embodiment 1) 

In the present Embodiment, SUS316L stainless 
steel having a grain number of 5 and containing 25 ppm 
of oxygen was subjected to electrolytic polishing, and a 
surface roughness of approximately 5 |nm was obtained. 

Next, the stainless steel was placed in a furnace, 
and baking was conducted at 150°C for a period of 2 
hours while supplying an Ar gas having an impurity con- 
centration of several ppb below into the furnace, and 
moisture adhering to the surface was removed. 

After the completion of the above baking, hydrogen 
gas was diluted with argon gas so that a hydrogen con- 
centration of 10% was reached, and heat treatment was 
carried out at a temperature of 500°C and for a period of 
2 hours. 

The results of an XPS analysis of the passive film 
formed under the above conditions are shown in Fig. 1 . 
The sputtering rate was 10 nm/min. As is clear from Fig. 
1, the concentration of the chromium component was 
high to a considerable depth in the passive film formed 
under the above conditions, and it is clear that a passive 
film having chromium oxide as a chief component 
thereof was formed. That is to say, the value of Cr/Fe is 
5 or greater, and the thickness of the passive film was 
2.5 nm or greater. 

(Embodiment 2) 

In the present Embodiment, stainless steel 
(SUS31 6L) in which the oxygen content was maintained 
at a level of less than several ppm was employed. 

The other conditions were identical to those of 
Embodiment 1, and electrolytic polishing and baking 
were conducted. 

However, heat treatment was conducted at a tem- 
perature of 500°C and for a period of 1 hour in a gas in 
which hydrogen and oxygen were added to an argon 
gas base so that the hydrogen concentration was 10%, 
and oxygen was present at a level of 100 ppb. 

The results of an XPS analysis of the passive film 
formed under the above conditions are shown in Fig. 2. 
As is clear from Fig. 2, the passive film formed under the 
above conditions was a passive film having chromium 
oxide as a chief component thereof. That is to say, the 
value of Cr/Fe was 6 or greater, and the thickness of the 
passive film was 5 nm or greater. 

(Comparative Example 1) 

In the present Comparative Example, as in Embod- 
iment 2, stainless steel having an oxygen content of 
several ppm or below was employed. Furthermore, 
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electrolytic polishing and baking were conducted in a 
manner identical to that of Embodiment 2. 

Next, heat treatment was conducted at a tempera- 
ture of 500°C and for a period of 1 hour in a mixed gas 
in which hydrogen and oxygen were added to argon gas 
as a base so that the concentration of hydrogen was 
10% and the concentration of oxygen was 10%. 

The results of an XPS analysis of the passive film 
formed under the above conditions are shown in Fig. 3. 
As is clear from Fig. 3, the passive film has iron oxide as 
a chief component. It can be seen that if the amount of 
oxygen added exceeds the appropriate amount, the iron 
is not reduced but is oxidized. 

(Embodiment 3) 

In the present Embodiment, heat treatment was 
conducted at a temperature of 500°C and for a period of 
1 hour in a gas in which hydrogen, oxygen, and mois- 
ture were added to a base argon gas so that the con- 
centration of hydrogen was 10%, oxygen was present at 
a level of 100 ppb, and moisture was present at a level 
of 100 ppb. The other conditions were identical to those 
in Embodiment 2. 

The results of an XPS analysis of the passive film 
formed under the above conditions are shown in Fig. 4. 
As is clear from Fig. 4, the passive film formed under the 
above conditions has chromium oxide as a chief compo- 
nent thereof. That is to say, the value of Cr/Fe is 5 or 
greater, and the thickness of the passive film was 5 nm 
or more. 

(Embodiment 4) 

Using SUS316L stainless steel, electrolytic polish- 
ing was conducted in a manner identical to that of 
Embodiment 1 . This was designated sample 1 . 

Next, baking was conducted in a manner identical 
to that of Embodiment 1 , heat treatment was conducted 
at a temperature of 500°C and for a period of 1 hour in 
an atmosphere of a gas in which hydrogen and oxygen 
were added to a base argon gas so that the hydrogen 
concentration was 10%, and oxygen was present at a 
level of 100 ppb, and a passive oxide film was thus 
formed. This was designated sample 2. 

SUS316L stainless steel was subject to compound 
electrolytic polishing, electrolytic polishing was con- 
ducted so as to remove the layer altered by working on 
the surface, and baking and heat treatment were con- 
ducted in a manner identical to that of sample 2, and a 
passive oxide film was formed. This was designated 
sample 3. 

The results of an XPS analysis of the surface layers 
of samples 1, 2, and 3 are shown in Fig. 7(a), (b), and 
(c), respectively. As shown in Fig. 7, oxide films having 
a high concentration of chromium at the surface were 
formed on each of samples 1, 2, and 3. However, by 
comparing the peak positions of chromium oxide in the 
XPS spectra, it was determined that in contrast with the 


chromium oxide of samples 2 and 3, which was a stoi- 
chiometric compound, the peak of the chromium oxide 
of sample 1 represented a shift from the chromium 
oxide peak in a stoichiometric ratio, and it is thus clear 
s that the oxide film present after electrolytic polishing is 
not a minute oxide film. Furthermore, the passive oxide 
film of sample 3 was not merely thick, but the chromium 
oxide concentration thereof was extremely high, and 
moreover, no iron was present within 2 nm of the sur- 
ra face, so that this suggests that an extremely minute 
passive film was formed. 

Next, samples 1 through 3 were placed in an 
extremely harsh environment of HCI gas at a tempera- 
ture of 1 00°C for a period of 20 minutes, and the state of 

15 the surface was then observed by means of a scanning 
electron microscope (SEM), and an XPS analysis of the 
surface layer was conducted. The results of the XPS 
analysis are shown in Fig. 8, while the scanning elec- 
tron micrographs are shown in Fig. 9. 

20 As is clear from Figs. 8 and 9, in sample 1 , the chro- 
mium concentration was greatly reduced, and the sur- 
face was rough. This is thought to be because the 
chromium oxide was not stoichiometric chromium oxide, 
which has a high resistance to corrosion. Furthermore, 

25 in sample 2, the thickness of the film having chromium 
oxide as a chief component thereof was reduced even 
though the chromium oxide was in a stoichiometric ratio, 
and the chromium concentration at the surface was 
reduced. Furthermore, slight roughness was observed 

30 in the surface. The reason for this is thought to be that 
since iron oxide was contained in large amounts, the 
iron oxide separated as a result of corrosion, and the 
chromium oxide separated along with this. However, a 
passive film having chromium oxide as a chief compo- 

35 nent thereof remained on the surface of sample 2, and 
in consideration of the testing conditions, the passive 
film would sufficiently stand up to use under normal 
conditions. 

In contrast to samples 1 and 2, in sample 3, almost 
40 no change was observed in the surface state and in the 
film composition before and after corrosion testing, and 
thus extremely superior resistance to corrosion was 
exhibited. As can be seen from Fig. 7(c), the value of 
Cr/Fe in sample 3 was 30 or more, and furthermore, the 
45 thickness of the sample film was 8 nm or more. 

From the above results, it can be seen that a more 
superior passive film can be obtained when composite 
electrolytic polishing is conducted than when electrolytic 
polishing is conducted. 

50 

(Embodiment 5) 

SUS316L stainless steel was subjected to fluidized 
abrasive polishing using alumina having a grain size of 
55 20 |mm, and then the layer altered by working was 
removed from the surface by means of electrolytic pol- 
ishing. Next, baking was conducted in a manner identi- 
cal to that of Embodiment 1 , and heat treatment was 
conducted at a temperature of 500°C and for a period of 
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1 hour in an atmosphere of a gas in which hydrogen and 
oxygen were added to a base argon gas so that the 
hydrogen concentration was 10% and oxygen was 
present at a level of 100 ppb, and a passive oxide film 
was thus formed. 

The passive oxide film which was obtained exhib- 
ited extremely superior resistance to corrosion, as was 
the case with sample 3 of Embodiment 4. 

(Embodiment 6) 

SUS316L stainless steel was subjected to com- 
pound electrolytic polishing, and baking was conducted 
in a manner identical to that of Embodiment 1, heat 
treatment was conducted at a temperature of 500°C 
and for a period of 1 hour in an atmosphere of a gas in 
which hydrogen and oxygen were added to a base 
argon gas so that the hydrogen concentration was 10% 
and oxygen was present at a level of 100 ppb, and a 
passive oxide film was formed. 

The passive oxide film which was obtained had a 
chromium oxide layer at a depth of 1 - 2 nm at the sur- 
face which was identical to that of sample 3 of Embodi- 
ment 4. Furthermore, when the corrosion resistance 
test discussed in Embodiment 3 was conducted, slight 
surface roughness was observed. However, as 
described above, in consideration of the conditions of 
the corrosion resistance test, the passive oxide film of 
the present Embodiment would be sufficiently able to 
stand up to use under normal conditions. 

(Embodiment 7) 

SUS316L stainless steel was subjected to fluidized 
abrasive polishing using alumina having a grain size of 
20 |nm, and then baking was conducted in a manner 
identical to that of Embodiment 1 , heat treatment was 
conducted at a temperature of 500°C and for a period of 
1 hour in an atmosphere of a gas in which hydrogen and 
oxygen were added to a base argon gas so that the 
hydrogen concentration reached 10% and oxygen was 
present at a level of 100 ppb, and a passive oxide film 
was formed. 

The passive oxide film which was formed had a 
chromium oxide layer to a depth of 1 - 2 nm from the 
surface which was identical to that of sample 3 of 
Embodiment 4; however, when the corrosion resistance 
test of Embodiment 3 was conducted, slight surface 
roughness was observed. However, as described 
above, in consideration of the conditions of the corro- 
sion resistance test, the passive oxide film of the 
present embodiment would be able to sufficiently stand 
up to use under normal conditions. 

(Embodiment 8) 

The interior of a SUS316L stainless steel pipe was 
subjected to compound electrolytic polishing, then a 
layer altered by working was removed from the surface 


thereof by electrolytic polishing, baking was conducted 
in a manner identical to that of Embodiment 1, heat 
treatment was conducted at a temperature of 500°C 
and for a period of 1 hour in an atmosphere of a gas in 
5 which hydrogen and oxygen were added to a base 
argon gas so that the hydrogen concentration reached 
10% and oxygen was present at a level of 100 ppb, and 
a passive oxide film was thus obtained. 

Next, the stainless steel pipe on which the above 
10 passive oxide film was formed was subjected to welding 
by means of tungsten inert gas welding, the welded por- 
tion was heated to a temperature of 500°C, a gas in 
which hydrogen and oxygen were added to a base 
argon gas so that the hydrogen concentration was 10% 
15 and oxygen was present at a level of 1 ppm was sup- 
plied to the interior of the pipe for a period of 1 hour, and 
the thermal oxidation treatment of the welded portion 
was thus conducted. 

After this, the pipe was severed and an XPS analy- 
se sis of the welded portion was conducted. The results 
thereof are shown in Fig. 10. A passive film having an 
extremely high chromium oxide concentration was 
formed at the surface of the welded portion as well, 
although the reason for this is presently unclear. 

25 

(Embodiment 9) 

In the present Embodiment, stainless steels were 
employed having grain members of, respectively, 5, 6, 7, 

30 and 8. The various stainless steels were processed 
under conditions identical to those of Embodiment 2, 
and passive films were formed thereon. 

When XPS analyses of the passive films were con- 
ducted, it was discovered that the stainless steel having 

35 a grain number of 6 had a Cr/Fe ratio which was higher 
than that of Embodiment 2, the stainless steel having a 
grain number of 7 had a Cr/Fe ratio which was higher 
than that of the stainless steel having a grain number of 
6, and furthermore, and the stainless steel having a 

40 grain number of 8 had a ratio which was higher than that 
of the stainless steel having a grain number of 7. Fur- 
thermore, the thickness of the respective passive oxide 
films was 5 nm or greater. 


In the present Embodiment, a stainless steel having 
a grain number of 5 was employed. Cold working was 
conducted prior to electrolytic polishing, and a warp of 
0.3% was applied. After this, the formation of passive 
films was conducted under conditions identical to those 
of Embodiment 2. 

When an XPS analysis of the passive film was con- 
ducted, it was discovered that a stainless steel was 
obtained which had passive film characteristics, such as 
Cr/Fe ratio and thickness, which were identical to that of 
the stainless steel having a grain number of 8 which was 
discussed in Embodiment 9. 


45 (Embodiment 10) 
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Industrial Applicability 

By means of the present invention, it is possible to 
easily and rapidly form a passive oxide film having chro- 
mium oxide as a chief component thereof by means of a 5 
single process, and it is thus possible to greatly shorten 
processing time. 

Claims 

10 

1 . A stainless steel possessing a passive oxide film, 
wherein said stainless steel has a crystal grain 
number of 6 or more, and said passive oxide film 
has a thickness of 5 nm or more, and has an atomic 
ratio value of Cr/Fe of 1 or more at an outermost 15 
layer thereof. 

2. A stainless steel possessing a passive oxide film in 
accordance with claim 1 , characterized in that said 
crystal grain number is 8 or greater. 20 

3. A stainless steel possessing a passive oxide film, 
wherein said stainless steel possesses a warp of 
0.2% or more, and said passive oxide film has a 
thickness of 5 nm or greater, and has an atomic 25 
ratio value of Cr/Fe of 1 or greater at an outermost 
layer thereof. 

4. A method of forming a passive oxide film having 
chromium oxide as a chief component thereof, 30 
characterized in that stainless steel is subjected to 
electrolytic polishing, baking is next conducted in 

an inert gas atmosphere, and moisture is thereby 
removed from a surface of said stainless steel, heat 
treatment is next conducted at a temperature within 35 
a range of 300°C - 600°C in a gaseous atmosphere 
comprising hydrogen or a mixed gas containing 
hydrogen and an inert gas and containing less than 
4 ppm of oxygen or less than 500 ppb of moisture. 

40 

5. A method of forming a passive oxide film in accord- 
ance with claim 4, characterized in that stainless 
steel having a crystal grain size of 6 or more is 
used. 

45 

6. A method of forming a passive oxide film in accord- 
ance with claim 5, characterized in that stainless 
steel having a crystal grain size of 8 or more is 
used. 

50 

7. A method of forming a passive oxide film in accord- 
ance with claim 6, characterized in that prior to 
electrolytic polishing, cold working having a surface 
reduction ratio of 2% or more is conducted. 

55 

8. A method of forming a passive oxide film in accord- 
ance with one of claims 4 through 7, characterized 
in that a stainless steel containing several ppm or 
below of oxygen is used. 


9. A method of forming a passive oxide film having 
chromium oxide as a chief component thereof, 
characterized in that a stainless steel is subjected 
to composite electrolytic polishing, baking is next 
conducted in an inert gas so as to remove moisture 
from a surface of said stainless steel, and heat 
treatment is next conducted at a temperature within 
a range of 300°C - 600°C in a gaseous atmosphere 
of hydrogen gas or a mixed gas containing hydro- 
gen and an inert gas and containing less than 4 
ppm of oxygen or containing less than 500 ppb of 
moisture. 

1 0. A method of forming a passive oxide film in accord- 
ance with claim 9, characterized in that a stainless 
steel containing several ppm or below of oxygen is 
employed. 

11. A method of forming a passive oxide film having 
chromium oxide as a chief component thereof, 
characterized in that stainless steel is subjected to 
fluidized abrasive polishing, baking is next con- 
ducted in an inert gas atmosphere so as to remove 
moisture from a surface of said stainless steel, and 
heat treatment is next conducted at a temperature 
within a range of 300°C - 600°C in a gaseous 
atmosphere containing hydrogen gas or a mixed 
gas containing hydrogen and an inert gas and con- 
taining less than 4 ppm of oxygen or less than 500 
ppb of moisture. 

12. A method of forming a passive oxide film in accord- 
ance with claim 11, wherein a stainless steel con- 
taining several ppm or below of oxygen is 
employed. 
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stainless steel to electrolytic polishing, composite electrolytic polishing and 
fluidized abrasive polishing, baking the steel thus treated in an inactive gas 
to remove moisture from its surface, and heat treating the resultant steel at 
300 to 600 DEG C in a gaseous atmosphere comprising hydrogen or a 
mixture thereof with an inactive gas and containing less than 4 ppm of 
oxygen or less than 500 ppb of moisture. An oxidized stainless steel 
characterized by comprising a stainless steel having a crystal grain number 
of 6 or above and, formed on the surface thereof, a passive oxide film based 
on chromium oxide, wherein the oxide film has a thickness of 5 nm or above 
and the atomic ratio of chromium to iron on the outermost layer of the film 

is 1 or above. LJ 
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